Introduction
Onions are highly valued for their flavors and for their nutritional value in supplying major constituents such as carbohydrates (structural and nonstructural) being a good source of dietary fiber and fructooligosaccharides (Jaime et al. 2002) and organic acids (Rodríguez Galdón et al. 2008b) . Onions also have significant amounts of vitamins, as vitamin C, minerals, and trace elements (Griffiths et al. 2002) . In addition, onions are one of the main dietary sources of bioactive compounds like flavonols and organosulfur compounds, such as S-alk(en)yl-L-cysteine sulfoxides (ACSOs), and their degradation products (thiosulfinates, thiosulfonates, and mono-, di-, and trisulfide compounds) (Lanzotti 2006) .
High-pressure processing (HPP) provides a unique opportunity for food processors to develop a new generation of value-added food products having superior sensorial and nutritional quality to those produced by conventionally thermal process. The application of high-pressure (HP) affects cell wall structure which leads to significant changes in the microstructure of the food matrix, like the breakdown of the cell wall, that may favor the extraction of certain nutrients (Oey et al. 2008; Sánchez-Moreno et al. 2009 ) and improve their bioaccessibility, being a useful technology for developing healthier food products (Parada and Aguilera 2007; Oey et al. 2008; Sánchez-Moreno et al. 2009 ). Also, these microstructural changes that leave the cell more permeable have been used for new process development opportunities. For instance, HPP can precede a number of process operations such as blanching, solid-liquid extraction, frying, dehydration, and rehydration. The combination of HPP and the dehydration or drying process was found to enhance both water removal as well as solid gain, improving the nutritional quality of food (Rastogi et al. 2007; Ratti 2011) . Among the drying processes, freeze-drying is recognized as the best process for maintaining the health-promoting capacity and nutritional characteristics of plant products, including onion products for long-term storage (Pérez-Gregorio et al. 2011; Tseng and Zhao 2012; Leong and Oey 2012) .
The main cost involved in HPP is the equipment and its installation, but because of current availability of HP equipment, the cost of products processed by this technology has dropped significantly in recent years, making more products accessible to consumers (Rastogi et al. 2007) . Freeze-drying is generally a very expensive preservation method due to the high energy spent, although this cost becomes insignificant when dealing with high-value raw material (Ratti 2011) .
The combination of HPP and freeze-drying could offer a new safe and dried onion product with similar organoleptic properties of fresh onion and with nutritional and potential health-promoting properties, minimally modified or indeed improved (Roldán-Marín et al. 2009; Sánchez-Moreno et al. 2009 ). This product can be easily used as a functional food ingredient in powder form for the food industry (Lee et al. 2012 ) and cooking purposes with a great versatility and an extra value-added due to its potential biological activity.
Therefore, the aim of this work was to study the effect of onion HPP and HPP combined with freeze-drying and pulverization, focusing on onion nutritional attributes in terms of S-alk(en)yl-L-cysteine sulfoxides, organic acid, sugar, mineral, and vitamin C contents.
Materials and Methods

Onion Samples
Raw onions (Allium cepa L. var cepa, 'Recas') were supplied by Cebacat (Asociación Catalana de ProductoresComercializadores de Cebolla, Lleida, Spain). Onions were harvested in January 2011 in Spain and their bulbs were free of external damages and stored at 4°C until processing (5 days later).
High-Pressure Processing
Onions (A. cepa L. var. cepa, 'Recas') were hand-peeled and cut into 10 mm cubes, packaged in a very low gas permeability bags type Doypack® (Polyskin XL, Amcor Flexibles Hispania, S.L., Granollers, Barcelona, Spain), and treated by HP in a hydrostatic pressure unit with a 2,900-mL pressure vessel capacity, a maximum pressure of 900 MPa, and a potential maximum temperature of 100°C (High Pressure Iso-Lab System, Model FPG7100:9/2C, Stansted Fluid Power LTD., Essex, UK). The rates of compression and decompression were both 3 MPa/s.
The treatments were as follows: T1 (200 MPa/25°C/5 min), T2 (400 MPa/25°C/5 min), and T3 (600 MPa/25°C/5 min). Treatments were conducted in triplicate. After treatment, HPtreated (T1, T2, and T3) and untreated or non-HP-treated (T0) samples were immediately frozen with liquid nitrogen (diced samples). Subsequently, part of the diced samples was freezedried in a lyophilizer (model Lyoalfa, Telstar, S.A., Barcelona, Spain) and pulverized with a pestle and mortar until obtaining a fine powder (pulverized samples). Samples were stored at −80°C until analysis.
S-Alk(en)yl-L-cysteine Sulfoxide Analysis by HighPerformance Liquid Chromatography
Synthesis of S-Butyl-L-cysteine Sulfoxide
Diastereomeric S-butyl-L-cysteine sulfoxide (BCSO) was prepared from L-cysteine by sulfur alkylation followed by oxidation of the sulfur atom according to the procedure described by Tsuge et al. (2002) .
S-Alk(en)yl-L-cysteine Sulfoxide Extraction
ACSOs were determined according to Mallor and Thomas (2008) with slight modifications. Twenty milliliters of extraction solution, consisting of methanol/chloroform/water, 12:5:3 (v/v/v), was added to 2 g of diced onion and to 0.2 g of pulverized onion and kept overnight at −20°C. BCSO was added as internal standard (20 mg/mL). After mixing, the phases were separated by centrifugation at 12,000×g for 5 min at room temperature, and the upper phase was concentrated to 3 mL on a rotatory evaporator at 30°C. This extract was resuspended in 5 mL of 0.03 M HCl. The solution was filtered through a 0.45-μm filter and duplicates of 20 μL for each extract were analyzed by HPLC.
Chromatographic Procedure for Sulfoxides
An Agilent Technologies 1100 Series HPLC (Agilent Technologies, Waldbroon, Germany) equipped with a quaternary pump, an autosampler, a thermostated column compartment, and a diode array detector (DAD) was used. Separation of sulfoxides was performed by using a reverse-phase C18 Hypersil ODS stainless steel column (250×4.6 mm, 6 μm) (Teknokroma, Barcelona, Spain). The mobile phase was 0.03 M HCl and the flow rate was fixed at 0.6 mL/min for 30 min. Runs were monitored with the UV-visible DAD set at 215 nm. Identification of ACSOs, specifically (+)-S-transl-propenyl-L-cysteine sulfoxide, was performed taking into account the retention time and chromatographic characteristics of the standard BCSO and by comparison with the data of onion sulfoxides reported in the literature. Results were expressed as milligrams of BCSO equivalents per 100 g of fresh weight (fw).
Organic Acids and Sugars Analysis by Ion Chromatography
Preparation of Onion Samples for Organic Acid and Sugar Analysis
For organic acid and sugar determination, about 1 g of diced onion samples and 0.1 g of pulverized onion samples were placed in 7 mL of deionized water and then crushed with a high-speed tissue homogenizer (Omni mixer, model ES-207, Omni International Inc., Gainesville, VA, USA) at 8,000 rpm for 40 s. The mixture was centrifuged with a high-speed refrigerated centrifuge at 17,000×g at 4°C for 5 min and 1.5 mL sample of the upper phase was filtered through a 0.45-μm filter.
Chromatographic Procedure for Organic Acids
A Metrohm 861 Advanced Compact IC (Metrohm AG, Herisau, Switzerland) controlled using Metrodata IC Net 2.3 software and attached to an 838 Advanced IC sample processor with an 812 valve unit, with a 20-μL sample loop, was used in all analyses. The instrument was also equipped with an 818 IC pump, an 837 IC eluent degasser, and an 833 liquid handling unit with a 0.45-μm filter that required a minimal volume of 10 mL for the samples. Detection was performed with an 819 IC conductivity detector.
Separation was performed in a Metrosep A Supp 5-250/4.0 column (250×4 mm, 5 μm particle size). The carrier material was an anion-exchange polymer of polyvinyl alcohol with quaternary ammonium groups. All measurements were carried out at 32°C (column temperature) under the following elution conditions: 0.5 mM HClO 4 as mobile phase at 0.50-mL/min. In order to adjust the baseline to 15 μS/cm, 50 mM lithium trichloride and ultrapure water (Milli-Q) were used for automatic chemical suppression.
Organic acids in samples were identified by the coincidence of their retention time with those of commercial standard acids. Peak areas were analyzed for quantitative analysis. Results were expressed as milligrams of the organic acid per 100 g of fw.
Chromatographic Procedure for Sugars
Extracts were analyzed by ion chromatography using an 817 Bioscan (Metrohm AG, Herisau, Switzerland). Sugars were separated on a Hamilton RCX-30 column, 150×4.6 mm, 7 μm particle size. The mobile phase consisted of Milli-Q water and 150 mM NaOH. The flow rate was 1 mL/min and runs were monitored with pulsed amperometric detector. Samples (20 μL) were injected and the separation took place at 32°C. Quantification of fructose, glucose, and sucrose was carried by the peak area of corresponding sugar relative to the external standard and compared with the literature. Results were expressed as grams of the sugar per 100 g of fw.
Protein Analysis Samples were analyzed according to Dumas combustion method using a LECO TruMac® analyzer (LECO Corporation, St. Joseph, MI, USA) by AOAC methods (AOAC 1995) . The determined nitrogen content was multiplied by 6.25 to report protein content. The results were expressed as grams of protein per 100 g of fw.
Ash Analysis Ash content was determined by AOAC methods (AOAC 1995) in a muffle furnace at 550°C until white ashes were obtained. The results were expressed as grams of ash per 100 g of fw.
Minerals Analysis
Samples were digested in triplicate with a Microwave Digestion Labstation (Milestone, model ETHOS 1, Milestone Inc., Shelton, CT, USA) with HNO 3 (Suprapure, Merck, Darmstadt, Germany) and H 2 O 2 (Suprapure, Merck, Darmstadt, Germany). Quantitation was performed using external standards (Panreac Química, Barcelona, Spain). The solution obtained from the digestion was used to determine calcium (Ca), copper (Cu), iron (Fe), manganese (Mn), magnesium (Mg), phosphorus (P), potassium (K), selenium (Se), sodium (Na), and zinc (Zn). A PerkinElmer (Norwalk, CT, USA) 5100 PC atomic absorption spectrophotometer was used: with air/acetylene flame using multi-element hollow cathode lamps for Ca, Mg, and Zn; with air/acetylene flame without lamps (emission spectroscopy) for K; and with air/acetylene flame using single-element hollow cathode lamps for Na, Fe, Co, and Mn. Se and P were determined by inductively coupled plasma optical emission spectrometry, using a PerkinElmer (Norwalk, Connecticut, USA) Optima 4300 DV emission spectrometer. The results were expressed as milligrams (or micrograms for Se) of mineral per 100 g of fw.
Vitamin C Analysis by High-Performance Liquid Chromatography
The procedure employed to determine total vitamin C was the reduction of dehydroascorbic acid to ascorbic acid, using DLdithiothreitol as reducing reagent. Extraction and chromatographic procedure was carried out as described by Plaza et al. (2011) .
Statistical Analysis
Descriptive statistics (including means and SDs) were used to summarize the data. Full-factorial design with two factors: group (diced, pulverized) and treatment (T0, T1, T2, T3) was carried out. Two-way analysis of variance (ANOVA) was performed to study separately the main effects (group and treatment) and the interaction effect (group × treatment). As a significant interaction effect was observed in most of the variables, ANOVA, comparing the means within the same group for different treatments and within the same treatment for different groups, was performed. Levene's test was applied to verify the homogeneity of the variances. Tamhane's T2 (equal variances not assumed) and Tukey's b (equal variances assumed) post hoc tests and Student's t test were used to compare means and determine statistical significance at the P≤0.05 level. The correlations within variables were examined by Pearson correlation. All analyses were performed by using the IBM SPSS Statistics 19 Core System (SPSS Inc., an IBM Company).
Results and Discussion
S-Alk(en)yl-L-cysteine Sulfoxide Content
There was no significant difference between total ACSOs content in untreated diced and pulverized onion (non-HP-treated) ( Table 1) , showing that freeze-drying process did not affect significantly the level of total ACSO in untreated onion. Benítez et al. (2011) detected (+)-S-methyl-L-cysteine sulfoxide and trans-(+)-S-1-propenyl-L-cysteine sulfoxide with 0.19±0.017 and 0.17±0.009 mg/g fw, respectively, in whole onion 'Recas'. Data reported in the literature on total ACSOs content in onion show a range comparable to the data reported in this study (Hovius and Goldman 2005; Kubec and Dadáková 2009) .
HPP had no significant effect on total ACSOs content in diced onion, maintaining in the HP-treated samples (T1, T2, and T3) the same content than in the untreated ones (T0), independently of the level of pressure applied. In pulverized onion, a significant decrease was shown in total ACSOs content in samples treated at 400 MPa (T2) and 600 MPa (T3) suggesting that the combination of high levels of pressure and freeze-drying could have favored the reaction between ACSOs and the enzyme alliinase due to the changes produced in cellular compartments by processing (Rose et al. 2005) . To date, there is no literature available about the effect of HP treatment applied alone or in combination with freezedrying on Allium flavor precursors.
Organic Acid Content
The major content of organic acids have been observed for the untreated samples (non-HP-treated samples, T0), both diced and pulverized (Table 1) . Malic and oxalic acids were present in the largest amount in T0 samples, presenting 56 and 20 %, respectively, of the total organic acid content. Literature data on organic acid content in different onion cultivars show a range similar to the data reported in this study (Rodríguez Galdón et al. 2008b) . As shown in Table 1 , freeze-drying process did not affect significantly the level of organic acids comparing untreated diced and pulverized onion (T0). Only minor organic acids such as citric and formic acids showed significant decreases of approximately 18 and 32 %, respectively. These data agree with the results described in the literature for other vegetables (Gao et al. 2012) .
The major organic acid in untreated diced and pulverized onion was malic acid (Table 1) . HP treatment produced a tendency to increase the levels of malic acid in diced onion and a significant increase (averaging 12 %) in pulverized onion. In this case, the combination of HPP and freezedrying seemed to increase the amount of malic acid extracted may be due to the activation of its metabolic formation during the glycolytic pathway where it is the result of the transformation of succinic acid (Benkeblia and Varoquaux 2003) . Succinic acid is an intermediate in the citric acid cycle; by donating electrons to the electron transport chain, it produces fumaric acid by the action of fumarate hydratase that catalyzes the reversible hydration/dehydration of fumaric acid to malic acid. Oxalic acid accounted for 20 % of the total organic acid content in untreated diced and pulverized samples (Table 1) . HP treatment produced a significant decrease on oxalic acid content ranging from 22-29 % (T1-T2) to ∼36 % (T3) in diced and pulverized samples, respectively. Citric acid presented the same pattern, showing the highest concentration for untreated diced onion and suffering a significant decrease of about 30 % in all HP-treated samples in diced onion and about 17 % in T2 and T3 HP-treated samples in pulverized onion. These results showed that the combination of HPP and freeze-drying did not modify the effect of HPP on the concentration of oxalic and citric acids.
HP treatments did not produce significant changes in the levels of pyruvic and acetic acids in diced samples compared with the untreated onion (T0), whereas a significant decrease in their concentrations has been shown for all HP-treated samples (T1, T2, and T3) in pulverized onion. Interestingly, a significant positive correlation was observed between total flavor precursors, ACSOs content, expressed as S-butyl-L-CSO, and pyruvic acid (R=0.676, P<0.001) indicating that the effect of HP treatment had been the same on ACSOs and pyruvic acid in diced and pulverized onion. A positive correlation between these parameters in different tissues and cultivars of onion has been shown by Bacon et al. (1999) . A significant decrease in succinic and formic acids concentration was observed in samples treated at 400 MPa (33 and 51 %, respectively) and 600 MPa (79 and 62 %, respectively) compared with the untreated samples (T0) in diced onion. Regarding pulverized onion samples, a significant decrease in succinic and formic acids concentration was observed in samples treated at 400 MPa (32 and 67 %, respectively) and 600 MPa (32 and 72 %, respectively) compared with the untreated samples (T0).
Sugar Content
The mean total sugar content in untreated diced onion (T0) was within the range reported in the literature (Davis et al. 2007; Cardelle-Cobas et al. 2009) (Table 1) . Benítez et al. (2011) reported mean concentrations of total sugar in onion cultivars 'Figueres' and 'Recas' similar to the data in this study. Research to date report the temporal changes in carbohydrate composition in onion bulbs during development or storage (Jaime et al. 2001; Benkeblia and Varoquaux 2003; Cardelle-Cobas et al. 2009 ), as well as the fructan and fructooligosaccharide content of different onion varieties (O'Donoghue et al. 2004; Rodríguez Galdón et al. 2009 ). However, there is a dearth of information regarding the effects of HPP on onion sugar content and the influence of freeze-drying and pulverization.
Comparing untreated diced and pulverized onion (non-HPtreated samples, T0) (Table 1) , it was observed that freezedrying produced a significant increase of fructose and sucrose whereas total sugar content remained unchanged. Similar results were found by Gao et al. (2012) , when studying the effect of freeze-drying on the glucose and sucrose contents of jujube fruit. This may be because of the freezing process of the onions before freeze-drying could have altered the structure of onion tissue and promoted the extraction of certain compounds as happened with flavonoids (Pérez-Gregorio et al. 2011) . Therefore, in the present study, the freezedrying process could have facilitated the extraction of sucrose that was more soluble than glucose, although this increase was not detected in the total sugar content because sucrose is a minor sugar in onion.
In diced onion, different HP treatments showed no significant effect on total sugar content. In contrast, in pulverized samples, a decrease in total sugar content was observed at 200 MPa (16 %), 400 MPa (12 %), and 600 MPa (12 %) compared with the untreated samples (T0). Fructose and glucose were the most abundant soluble sugars found in untreated diced samples (T0), representing 47 and 45 %, respectively, of the total soluble sugar content. Similar pattern in fructose and glucose concentration was found in untreated pulverized samples (T0) representing 50 and 40 %, respectively, of the total soluble sugar content.
Freeze-drying produced a significant increase of about 12 % in the concentration of extracted fructose (Table 1) . Within diced onion samples, HP treatment at 200 MPa (T1) did not affect significantly the fructose concentration compared with the untreated onion (T0), whereas a slight but significant decrease, 12 and 17 %, was shown for samples treated at 400 and 600 MPa, respectively. HP treatment, within pulverized onion samples, produced a significant reduction on fructose content, regardless of the HP treatment applied.
Concerning other soluble sugars in onion samples, freezedrying produced a significant decrease of about 6 % in the concentration of extracted glucose (Table 1) . HPP had no significant effect on glucose content in diced onion, maintaining in the HP-treated samples the same content than in the untreated samples, regardless of the level of pressure applied. However, a significant decrease in glucose content was shown at the three levels of pressure (200, 400, and 600 MPa) in pulverized samples. The combination of HPP and freeze-drying did not favor the extraction of glucose.
Freeze-drying produced a significant increase of about 23 % in the concentration of extracted sucrose (Table 1) . In diced onion, the three HP treatments assayed (200, 400, and 600 MPa) produced an increase in the sucrose content, although only onion treated at 400 MPa (T2) showed a significant increase of about 25 % compared with untreated onion (T0). This effect could be related with the rupture of the integrity of the onion cell wall and membranes caused by the application of HP treatment (Gonzalez et al. 2010 ) that spread outside the vacuoles and chromoplasts soluble compounds as sugars and phenolic compounds or carotenoids (Vázquez-Gutiérrez et al. 2012) . In general, in the present study, the combination of HPP and freeze-drying did not favor the extraction of sucrose because in pulverized onion HP treatments produced a decrease in sucrose content as happened with fructose and glucose.
Protein, Ash, Mineral, and Vitamin C Contents
Protein Content
The protein level in untreated samples, diced and pulverized onion (Table 2) , was similar to other data reported in the literature (Benítez et al. 2011 ). Thus, freeze-drying did not affect the total protein content in onion. Regarding the effect of HPP on the protein content, in diced and pulverized onion samples, a significant decrease in the protein level was shown after the three HP treatments (200, 400, and 600 MPa). These results agree with other recent work studying the effect of HPP at 500 MPa on different parameters from Granny Smith apples which reflected that the protein content was significantly lower in the treated apple sample than in the control sample (non-HP-treated sample) (Briones-Labarca et al. 2011a) . Although possible causes still have to be elucidated, a decrease in protein content could be concomitant with an increase in moisture content. In fact, a slight increase in moisture content from 89.5±0.8 % in untreated diced onion to 92.0±0.7 % in HP-treated diced onion was observed; however, no changes in moisture content among onion treated at different levels of pressure (T1, T2, and T3) were observed. It can be hypothesized that pressure causes conformational changes Table 2 Protein, ash, mineral, and vitamin C contents of onion after high-pressure processing (HPP) and HPP combined with freeze-drying associated with protein denaturation, including unfolding of proteins, aggregation, and formation of gel structures by the incorporation of water which could affect the hydration of proteins (Rastogi et al. 2007 ). However, the literature found regarding the effect of HPP on protein content in different plant foods is controversial and reports both decrease (Briones-Labarca et al. 2011a ) and increase (Briones-Labarca et al. 2011b ).
Ash Content
The untreated onion samples showed an ash content similar to other data reported in the literature (Jaime et al. 2002; Rodríguez Galdón et al. 2009; Benítez et al. 2011 ). Thus, freeze-drying process did not affect the ash content in onion. HP treatments at 200 MPa (T1) and 400 MPa (T2) did not produce significant changes in the ash level compared with the untreated onion, whereas significant losses were found in onion treated at 600 MPa (∼11 %) in diced and pulverized onion. This decrease could be related with the decrease also found in two of the more abundant minerals, K and P. In fact, a positive correlation was found between K and P contents and ash content (R=0.704 and R=0.814, respectively, P<0.001). Briones-Labarca et al. (2011a) found no significant differences in the ash content between untreated and treated (500 MPa/10 min) Granny Smith apple.
Mineral Content
Comparing untreated diced and pulverized onion (T0), it was observed that freeze-drying did not produce significant changes in minerals (Table 2) . A comparison of mineral content in onion cultivars (A. cepa L.) was carried out by Rodríguez Galdón et al. (2008a) and Benítez et al. (2011) who reported similar concentration in most of the minerals analyzed in this study. HP treatments did not produce significant changes in the levels of Ca, Fe, Mg, and Se in both groups (diced and pulverized onion). Consequently, the combination of HPP and freeze-drying did not affect the mineral content in onion. Although, small molecules, such as volatile compounds, pigments, vitamins, and other compounds related with the sensory and nutritional quality, and health-promoting properties could be unaffected by HP, the effects of HPP on mineral content in vegetables and fruits have not been examined in much detail (Briones-Labarca et al. 2011a; Barrett and Lloyd 2012) .
At 600 MPa (T3), a decrease in K and Na was found in diced and pulverized onion, suggesting that HPP has a similar effect on these two alkali metals that have a low ionization energy. In addition, a significant decrease in P content for diced and pulverized onion was observed in HP-treated samples, more marked in treatments applying HP at 600 MPa (∼17 %). The same pattern was followed by Zn content, although in this case there were no significant differences at 200 and 400 MPa and a significant decrease was shown at 600 MPa (about 14 % in diced onion and 13 % in pulverized onion). Interestingly, a significant positive correlation was found between P and Zn among diced and pulverized onion (R=0.757, P<0.001).
Ascorbic Acid and Vitamin C Content
Freeze-drying process significantly increased by approximately 32 % the content of vitamin C (Table 2) . Literature data on ascorbic acid concentration in different onion cultivars show a wide range (Elhassaneen and Sanad 2009; Tarrago-Trani et al. 2012) in which the data reported in this study were included.
HPP had no significant effect on ascorbic acid and total vitamin C contents in diced and pulverized onion, maintaining in the HP-treated samples (T1, T2, and T3) the same content than in the untreated samples (T0), regardless of the level of pressure applied. This is in agreement with other authors that found vitamin C retention during the application of HPP in different foods, indicating that vitamin C is relatively unaffected by HPP; however, other studies have demonstrated that HPP may affect vitamin C content due to oxidation by the adiabatic heating (Oey et al. 2008; Sánchez-Moreno et al. 2009; Barrett and Lloyd 2012) . Interestingly, significantly higher values for ascorbic acid and total vitamin C content were found in all pulverized samples compared with diced samples, suggesting that freeze-drying favored the extraction in these samples.
Conclusions
This is the first time that the effects of HPP and HPP combined with freeze-drying on S-alk(en)yl-L-cysteine sulfoxides, organic acids, sugars, minerals, and vitamin C in onion have been evaluated. In general, the freeze-drying process of fresh onion maintained the concentration of ACSOs, organic acids, total sugars, total protein, and minerals, and significantly increased vitamin C concentration. Regarding HPP, the concentration of ACSOs, total sugars, and vitamin C of fresh onion was preserved at the three HPP assayed (200, 400, 600 MPa for 5 min at 25°C); however, for some organic acids and minerals, small decreases were found. In HPtreated onion (especially for treatment at 400 MPa), freezedrying retained the levels of the major organic acids, total sugars, total protein, and minerals (Ca, Fe, Mg, K, Na, Zn, Mn, and Se), and increased the content of ascorbic acid and total vitamin C. This study facilitates the development of functional ingredients based on HPP onion.
